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LONG WAVELENGTH LEM3T OF INTERCHANGE INSTABILITIES

1. INTRODUCTION

A considerable amount of DNA-sponsored research has been directed at

understanding interchange instability processes in the ionosphere. This is

an important topic since these instabilities can generate large-scale,

long-lasting plasma structure in the ionosphere which is deleterious to

radar and commnications systems. The immediate concern is to understand

structuring mechanisms associated with a HANE in order to obtain a

predictive capability which could aid the operations of these systems in a

nuclear environment. To achieve this goal, research has also been carried

out to understand ionospheric structuring in a non-nuclear environment.

This work involves the study of natural structuring processes which occur

during equatorial spread F and in the high latitude ionosphere, as well as

structuring processes associated with artificial plasma cloud releases.

The underlying mechanism believed responsible for structure in all of these

situations is an interchange instability, i.e., the interchange of high and

low density plasm in the presence of an external force. The instabilities

investigated to date are (1) the Rayleigh-Taylor instability (driven by a

gravitational force), (2) the E x B gradient drift instability (driven by

an ambient electric field or neutral wind), and (3) the current convective

instability (driven by a. current parallel to the magnetic field). The

extensive research of these instabilities has entailed both theoretical and

computational analyses. The theoretical studies have focussed on the

fundamental linear and nonlinear behavior of the instabilities, while the

computational studies have primarily dealt with the gross evolution of the

plasma in the nonlinear regime. ?or reviews of this work see Ossakow

(1979), Pejer and Kelley (1980), and Ossakow et al. (1982).
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A key feature of the structuring of ionospheric plasmas in both

nuclear and non-nuclear environments is that large-scale structure

develops. It has been observed experimentally and in computer simulations

that the wavelengths of the irregularities that develop (i.e., striations)

are generally comparable to the scale length of the density gradient in the

plasma. Rowever, the majority of theoretical analyses performed thus far

have considered irregularity wavelengths much smaller than the density

gradient scale length, i.e., local theory has been assumed which implies kL

>> 1 where k is the wavenumber and L is the scale length of the density

gradient. Recently, the opposite limit has been considered by Huba and

Zalesak (1983) in a study of the E x B instability and by Huba (1983) in a

study of the current convective instability. The crux of these studies is

that a nonlocal mode equation is derived and solved analytlsally for each

instability in the long wavelength limit, i.e., kL << 1. Thus, they

provide insight into the linear behavior of each instability in the

important -large-scale' regime.

The purpose of this paper is to derive a single, general, r.'nlocal

dispersion equation which describes the relevant interchange

instabilities: Rayleigh-Taylor, E x B gradient drift, and current

convective. The important equilibrium quantities considered in the

derivation are gravity, an ambient electric field, a current parallel to

the background magnetic field, and, of course, a density gradient. Simple

analytic expressions of the growth rate for each instability in the long

wavelength limit are presented in both the collisional (vin >> ) and

collisionless (W >> V in) regimes, where w is the wave frequency and vin is

the Lon-neutral collision frequency.
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The organization of the paper is as follows. In the next section we

derive the general nonlocal mode equation. In Section III we derive the

nonlocal dispersion equation. In Section IV we present simple analytical

expressions for the growth rates of the various interchange instabilities

in the long wavelength limit. In the final section we present our

conclusions.

II. DERIVATION OF MODE EQUATION

The plasma configuration and slab geometry used in the analysis are

shown in Fig. La. The ambient magnetic field is in the z direction

c"0 2), the ambient electric field is in the y direction "o

the ambient current is in the z direction (J J ez), gravity is in the x

direction - g ax) and the density is taken to be inhomogeneous in the x

direction (n - a0 (x)). A collisional plasma is assumed such that

V /11a << 1, ven/Ge << 1, ve/ni << 1, and V<n/<i 1 1 where n e 0 /m c

is the cyclotron frequency of species a, ve refers to electron--ion

collisions, veu to electron-neutral collisions, iie to ion-electron

collisions, and vin to ion-neutral collisions. Furthermore, we assume that

van/na << Vin/ni in our analysis. Perturbed quantities are assumed to vary

as Sp - 6p(x) exp [i(ky + k z - wt)] and it is assumed that w1 << 1,

ko i << 1, and kz << ky, where pi is the mean ion Larmor radius. That is,

we consider low frequency, long wavelength, field-aligned perturbations.

We neglect temperature effects. Finally, we consider only electrostatic

oscillations and assume quasi-neutrality (ne s ni).
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The fundamental equations used in the analysis are continuity,

momentum transfer, and charge conservation, in the neutral frame of

ref erence:

an

0 V .(nV) - 0 (2)

av i e
T- - j xB v ij v ipvZ -V l+2

7.J - -[nee(V - V3] - 0 (4)

where a denotes species (e: electrons, i: ions) and ocher variables have

their usual meanLng. Note that we have neglected electron inertia effects

in Eq. (2) but have retained ion inertia effects in Eq. (3). However, we

have assumed /at >> V- in Eq. (3) which is Justified for the

instabilities under consideration. The equilibrium drifts are given by

V -0 (5);-eO

V iin eVin cE0  + (6)

where we have taken Vz - Vz - Ce/ and have chosen the ions to carry the

parallel current (J enVd Z)"

4



We now linearize Eqs. (l)-(3) and take n - n0 + Sn, VL - V 0 + 6V ,

and E - - V. where * is the perturbed electrostatic potential. Using Eqs.

(2) and (3) we find that

c c
SV 7 xe 1e e (7)

--V e x  +i - (8)-i B I Z 2.

which can be written as

SV Skc i+ B e + i k e9

3 yB y , z

where - + vin and the prime indicates a derivative with respect to

X. We have neglected collisional effects on the electron notion

perpendicular to B and on the ion motion parallel to B. This is justified

since we have taken v an/ e << I/fi which is appropriate for ionospheric

conditions in the F region.

We now substitute Eqs. (9) and (10) into Eq. (4) and obtain

k2(no#')' - ,nokZ(I +- i )
,~ 7 1 k1(21

k ei W

y (Ii..

+A L k(-JL+ + y-I +k Vl'n
Q, L, 0  d
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We relate fn and * using the electron continuity equation and find that

(frou Eqs. (1) and (9))

k kze

B in0 y V ei kZ ] (12)

Finally, substituting Eq. (12) into Eq. (11) we arrive at the mode equation

which describes the interchange instabilities relevant to ionospheric

structuring

k2

(noo')k ei (1 + i
y 

(13)
+ i kv V in cEo0

- y 3 z d O_00

The first term in Eq. (13) relates to the mode structure in the x

direction, the second term relates to the mode structure in the y and z

directions, and the final term contains the driving mechanisms for the

various instabilities (viz., the Rayleigh-Taylor instability (- gn-), the

x B gradient drift instability (a EOn6), and the current convective

instability a V n')).

II1. ANALYSIS OF MODE EQUATION

As noted in the introduction, the bulk of linear analyses of the

interchange instabilities under study have made use of the local

approximation so that only short wavelength modes are considered. That is,

it is assumed that kyL2 >> kxI2 >> 1 where L - (aitn n0/x) -  is the density

gradient scale length and k. - 3/3x. With this assumption one can neglect

the first term on the LBS of Eq. (13) and obtain a relatively simple

6



dispersion equation

w ~(k JL- k jf~ - k (14)

where r - (I + i~ Z/ Equation (14) has been

thoroughly analyzed in the literature for each of the instabilities under

consideration (see Ossakow et al. (1982) and references therein). However,

we are considering the long wavelength limit (kL << 1) and Eq. (13) must be

solved in order to obtain the nonlocal dispersion equation.

For simplicity, we consider a density profile with a single

discontinuity at x - 0 (see Fig. Ib) given by

no(W) - (15)

For x 0, o- 0 and Eq. (13) reduces to

- 2 2 0 (16)

where

.k 2
"2 + -z Ile  (17)

the solution to Eq. (16) is taken to be

-k r kr (18+( ) + (18)

i " ' e  2
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Since the modes are assumed to be bounded as x + + - we note that

-ky rx

*(x) - (19)
k rx
y

2e itx < 0

We require that the tangential component of the electric field be

continsoua at x - 0 (Hasegawa, 1971) which means that $ is continuous at x

- 0. This is equivalent to requiring that the interface velocity and the

fluid velocity perpendicular to the interface be equal (Chandresekhar,

1961), i.e., SV is continuous at the discontinuity. Thus, b I , 2 in Eq.

(19) so that

-k rx
00e  y x > 0

k0 y <x 0Z

To obtain the dispersion equation we integrate Eq. (13) across the

discontinuity at x - 0. Thus, we have

C-Y C'- k 2 jk V in c

frn')kr 2  a.-(k -- k---- S, "i y i B " 0 ] z o

Since *m is continuous across the boundary at x 0 , it is found that Eq.

(21) leads to (lettins c 0)

cotiuos q
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Rk Vn CE0

(k -k~ in 0(2)V)r
W I Qi  Y , 1 B 0  kz d)"n I 2)€ 0

(22)

where (1,2) indicate the regions x > 0 (+s.) and x < 0 (-P-), respectively.

Substituting Eq. (20) into Ea. (22)

k - k vin cE  _ k n 1 - n2 (23)L yk Q£ 7i B 0 n ' + n 2

which is the general dispersion equation which describes long wavelength

interchange modes.

It is interesting to compare the short wavelength (i.e., local) and

long wavelength (i.e., nonlocal) dispersion equations, that is, -qs. (14)

and (23), respectively. These equations are, in fact, quite similar. ";e

define an effective wavenumber k given by k - k r = r + ik Q/

(ae/vei)l /2 and use the definition of the density gradient scale length

(L - (n6/0 'I ) to note the following. The transition from the short

wavelength limit to the long wavelength limit can be made by sudstituting

n~jiin1 - n2) fr in EqI1) n
I - n 2 )/(aI + n.) for () - I in Eq. (14). By doing this Eq. (23) is

recovered. A significant feature of this substitution is that the

wavenumber dependence of the growth rates in the long and short wavelength

limits will be different. It will be shown that the short wavelength

growth rate is independent of k while the long wavelength growth race is

proportional to k-P where p 4 1 and the actual value of p depends upon the

plasma parameters.

Finally, we close this section by rewriting Eq. (23) in a form which

is in line with ionospheric structuring terminology. That is, we define M

- n1/n2 which can be thought of as the ratio of Pedersen conductivity

9
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inside the plasma cloud to that outside the plasma cloud. With this

definition, Eq. (23) takes the form

JL.-k V cE0 zd M
Sr - (ky ki Y kS [ (24)

IV. ANALYTICAL RESULTS

In this section we present analytical expressions for the growth rates

of the interchange instabilities under study in both the collisional

(v > > W) and collisionless limits (W >> V ). Simplifying assumptions
in in)'

will be made in order to distill essential parameter scalings of the growth

rates.

A. Collisional Limit 'i >> W

In this limit = iv 1 n and r 2 z 1 + (k 2 /k 2 )( /ve. (2i/vin] The
z y)'ev1"2/i) "he

general nonlocal dispersion equation is then given by

ni a .ik - V i 0 z v )r kL H - (25)
a -i z g a t r M + 1

where the subscript at denotes nonlocal. Instability (i.e., y > 0) can

occur for M > I when g < 0 (Rayleigh-Taylor), E0 > 0 (E x B gradient

drift), and Vd > 0 (current convective). We note that the local (short

wavelength) growth rate is given by

Yi i vin -F-0 kzV (26)

r2Vin L" l

which is independent of ic. The nonlocal (long wavelength) growth rate can

then be expressed as

10



iM
YUS " kL ( r Y (27)

Thus, the growth rates of the collisional interchange instabilities

relevant to ionospheric structuring in the long wavelength limit are

directly proportional to k,(*-1)/(M+l). This limit applies to the low

altitude F region (< 400 km).

B. ColiJsionless Limit (W >> V

In this limit w - w so that r2 = + i(k2 /k2 )(a/e)(ai/c). since r2

can be a function of w in this case (i.e., for k. finite), the relationship

between the local and nonlocal growth rates is not, in general, as simple

as in the collisional case. We consider then two limits: kz M 0 and

kz * 0. For the case kz - 0 the relevant instabilities are the .Rayleigh-

Taylor and the E x B gradient drift. For kz * 0 the relevant instability

is the current convective. These results apply to the high altitude F

region > 500 1=).

I. kz - 0

In the collisionless flute mode limit (k.B - 0), we find

that r - 1 so that the nonlocal, long wavelength growth rate is simply

(from Eq. (24))

qj _ inOa!0 1/2 [kL (H - 1 1/2 (29)

Y =Z 'L L B 0 +k H I")]

Instability can occur for M > 1 when g/L < 0 (Rayleigh-Taylor) and E0/L > 0

(E x B gradient drift). Again, we note that the local, short wavelength

growth rate is given by

11 _ _ _ _ _ _ _ _



V in CE0/2 
(3

t i o J (30)

so that

Y - [k L .-- )- Z (31)

Thus, in contrast to the collisional Rayleigh-Taylor and E B gradient

drift instabilities, the growth rate of the collisionless long wavelength

mode is proportional to

2. kz*0

In the collisionless limit with kz finite we consider only the

current convective instability (i.e., we take g - 0 and E 0). In this

2 . 1 2 2limit 7- 1 + i'k / y /Vejl i/ i so that the long wavelength, nonlocal

dispersion equation is given by

Oj2(l + i ..; _- . _- "~ (32)

k2  v ei" 
+ I

y

We obtain a simple expression for the growth rate by assuming that w/fn <<

(k2/k2)(a,/v J, In this limit Eq. (32) becomes
y ye e

3 21

- + i k  i M - 1 (33)

We find that

Vei n iL1/3 , 2/3 M -12/3 Vd,', ' V -) ' (,k ...JL) -' -(14 +'1 (34)
a d

12
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We can relate this nonlocal growth rate to the maximum local growth

rate ymt which is given by (Chaturvedi and Ossakow, 1981)

rei Q 1 1/3 Vd
" 4-) r (35)

o d

Thus, we find that

Ynt a 4kL(M - 1f 2 /3 y. (36)

where a is a factor of order unity. Thus, the growth rate of the long

wavelength, collisionless current convective instability is proportional to

[,,7 (4.0I (,4+1 2/3.

V. CONCLUSION

We have derived a general, nonlocal dispersion equation (Eq. (13))

which describes the long wavelength lmit (kL << 1) of several interchange

instabilities (i.e., ayleigh-Taylor, E x I gradient drift, and current

convective). Analytical expressions for the growth rates of these

instabilities have been presented in both the collisional (vin >> ) and

collisionless (M >> Vin) regimes. An important result is the scaling

of Ya, with kyL and M. These scalings are summrized in Table I. The

implications of this work in regard to ionospheric structuring are

discussed by Zalesak and Rubs, and by Wittver in these proceedings.
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Table 1 - Saling of growth rates with respect to k and M

Instability CoLlisiouai Collisionlesa.
(via >> Wi) >>~ V

11/2Rayleigh-Taylor [kL(.iimi)4[ 1

Ex Bgradient drift k 7 L(. +T1) [k 7 L(.M.+.1)1

Current convective k L(HT1) [k Lr H - 1)2/
y M+ 1.
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iT. SMACCA, AZ 85413 SALZ INTILLZGENCE SUPPORT CTR

010? ATTN CCC-aWO GEOGE LAM 4301 sonLAW RWAD, HUDG. 3
ULSNCTON, D.C. 20390

Cow"Mhl OIC? ATTN ft. 905523 STIC 12

U.S. ANNY FOREIGN SCIENMCE & TU(C Oft 1.0 ArTN 113C-50

220 7!! STun, HE Old? AMT CODE 5404 J. GALE!

CEARLOTTRS TILL, Q 22901
OId? ATTN DUST-SD COS1IWIDER

%&VAL OCCEAN BY==U CENTER

COMMJMUZ SAN DIEGO. CA 92152

U.S. A3? MATEIAL 0314 AEADINESS QH 010? ArrS J. FERGUSON
5001 hISZUUWEU AMRUK
ALEXANDRIA, a! 22333

01Cr AT!! ONCLOG J.A. X&NDER

U.S. AMY! NUCLEAR AMD CHEICAL. AGENICY
750 SACILICK R0OAD
SLOG 2073
5111301231., VA 22150

010! ATTN LISMAY



NAVAL. ESSEADCZ LAS01RATORY COMOLR.DER

VASUISGTON, D.C. 20375 AEROSPACE DEFENE C0ZMI4D/DC

OICd AT"N CODE 4100 S. L. Ossaw DEPARTKRNT OF THE AIR F0OR

26 CUS IF UMASS. I CYTy~ CLASS) SKY Afl, CO 80912

GIC! AM? CO=E 4701 1 Uetkayltsky OICY ATTN DC Ml. LONG

GI.CT ATTU COOK 4780 J. Nab" (100

CUS IF OumcASS, I CY t1 CLASS) CEIWDEE

Old! AM! con& 7500 AEROSPACE DEFENSE COEII/ZID

Old! AM! CODE 7550 DEPARTMENT Of THE AIR F0RCE

OIC! ATTN cove 7380 ENT AIS, CO 80912

OI0CR ATT! COOE 7551 OICY ATr UDQq

01.0? ATTN CODE 7555 OICY ATTS XF

02CR ATTN.CODE 4730 &. .MCLSAX

Old! A=? CODE 4108 Aml foRCE GEOPHYSICS LASOEA:ORY

OIC! ATTN CODE 4730 3. IlT IAXSCC1 AnS, ML OL731.

2CC ATTX CODE 2628 Old! ATTY 011 ShROLD GARDNER
Old! AMT LIM EUIIET S.W. CZAIINOX

CamhuD 
O gC AM OF& 1 ALA . STAIRa

NAVAL SEA SYSTEMS CON4AND Old? ATTN PED JulCE! SUCHAV

VASSINGTON, D.C. 20362 01Cy AMT PU iNP. MULLEN

Old! ATTS CAT L- P==RI
Af WEAPONS LABORATORY

CommaiIDE ~rTAND AFT, AM4 87117

NAA SPACE SURVZILLANZIC SYSTEM 01Cy AMT SUL.

DABLGRES, VA. 22448 OIC? ATTi CA AETfnU R. GUUXTUI

OjC? AMT CANT 3.!. SUN!014 Old? ATT.N STYCZ ILT. re. KRAJI

omCl-I-cmxaZ 
AFTAC

NAVAL SlJIACZ 'EAPOU CUMTR PATRICK AB, FL 32925

UNIT OAt, SZLm SflDJJ, xv 20910 OlCY ATTN ?7/wWh ILEY

OICT ATTY CODE 131 01Cy AMT Ts

DIUICTOR 
AIR FORCE AVIONICS LASONATOIY

STRATEICC 313mf PRJECT OyfIcE 9RlCET-ATTUSOil All, O1 45433VDEARIXT TRMI OC A AARO! MAD SCQ

HAULZ SURFACE WEAPONS C MWSI ODC 03

DARZNLIUPAOIY 
01CY m n

D*51.011, VA 22448
OIYAMCODE O7-14 3. SULr= HEADQUATERS

ELECTRONIC SYSTEMS DIvI.SION

0"%CZ or NVAL 231AAo DEAR'Mlr O1 THE AIR FORCE

A016U1MM, VA 22217 UCMA3.M 13

OZCT ATTN COOE 463 OldT AM. J. DEAl

01CR ATfN CODE 461

Old! ATTI Coot 402 HEADQUJARTERS

OIC! ATTN CODW 420 ELECTRONIC SYSTEMS DIISIOIITSEA

OICTAT~ COK OE DARTMW 01 TEE AMl FORCE

01CR T!! ODE 41 EASCON Ag, MA 01732

19 TATSY



K.AD~JAUS DUPAIrnoT 0F ENERGY
ELECTRONIC SYSTEMS DIVISION/DC ALBUURQUE OPERATIONS OFICE
DIPARXTHNT o r .71Mu FORCE P.O. BOX 5400
EANSCON AFS, -A 01731 ALBUQUERQUE, .N 87115

01CT ATTN DCZ MAL J.C. CLARK 01CR ATTN DOC CON FOR D. SHERWOOID

AUE EG&,G, INC.
FOUIGN TECHNOLOGY DIVISION, AFSC LOS ALAMOS DIVISION

RGIGT-PATTZRON AnJ, 0 45433 P.0. SOX 809
01C ATM! NICD LIBRARY LOS ALAMOS, .H 8554
01Cr ATT IZIP 3. BALLARD 01CR ATT3 DOC CON FOR J. 3RE DLOVE

ca" m UIVERSIT OF CALFORNIA
ROME All DVO=PINT CENTER, AISC LAJRENCZ LIVERMORE LABORATORY
GLfUMS Afl, IT 13"l P.O. sOX 808

OICT ATTN DOC LIRIARY/TSLD LIVERMOIRE, CA 94550
01C ATTN OCE V. CORNE 01CR ATTS DOC CON FOR TECH INTO DEPT

01OC AM DOC CON FOR L-389 R. OTT
S*1SO/SZ 01Cr ATTN DOC CON FOR L-31 1. RAGER
POST 'FICE BOX 92960 01CT AM DOC CON FOR L-46 1. SEWARD
VOg.RLDA! POSTAL CU
LOS ANG LES, CA 90009 LOS ,AL.MOS NATIONAL LABORATORY

(SPACZ DIPENSI SRSTmiS) P.O. BOX 1663
1CY ATM SLOS ALAMOS, SM 87545

01CR ATTN DOC CON FOR J. WOLCOTT
STRATEGZC AU COVAND/XmS 01CY ATTN DOC CON FOR 1.F. TASC EaE
OFF= A?!, UI 68113 01OC ATTn DOC CON FOR Z. :ONES
01CY ATTN ADWATE 3AJ 310CR 3AURl 01CY AM, DOC CON FOR :..w.%LZK
01CT AT" NRT 0ICT ATTN DOC CON FOR .. ,JEFFRIZS
01CY ATN DOK CHm SCIENTIST 01CR ATTN DC CON FOR J. Z1IN

0ICR ATTN DOC CON FOR ?. EATON
SASO/SK 01CT ATTl DOC CON FO 0. WESTERVELT
P.O. DC? 92960 01CR ATTN 0. SAPPENFILD
ZR~UDWAY POSTAL CENTEL
LOS ANCUES, CA 90009 SANDIA LABORATORIES

01CY ATTN S&L (SPACZ CM SYSTEMS) P.O. Box 5800
M. CLAN ALIUBOQUERQD, M 87115

0ICT ATTN DOC CON FOR W. SamN
5*96O/ OCR ATTN DC CON FOR A. THORNIDOUCN
W01OE An!, CA 92409 O1CT ATTN DOC CON FOR T. WRIGHT
(MINrUTEAN) OIC ATTN DOC CON FOR D. DAHELREN

01CR AT VM 01CY ATTN DOC CON FOR 3141
01CR ATT DOC CON FOR SPACE PROJECT 017

IO AMX DEVWPNEI CENTER, A1SC SANDIA LABORATORIES
RANSCOK An, HA 01731 LIVMORE LABORATORY

01CT ArT uIP A. LOUNZEN P.O. BOX 969
LIVEM&OE, CA 94550

DIRPARTlUM OF ZNIG 0ICT AM, DOC CON FOR B. * URPHY
LIBRARY 1001 G-042 01CR ATTN DOC CON FOR T. COOK
WASEI "GOI, D.C. 20545

0ICY AMTT DC CON FOR A. LABRWITZ OFFICE OF MILITARY APPLICATION
DIPATMENT O1 ENERGY
WASINGTON, D.C. 20545
0ICT ATTN DOC CON DR. TO SONG
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orn" GoWm.m BOEING COMPA . TIM
P.O. BOX 3707

DElAl M= OF COMMZICZ SEATTLE, VA 98124
EMOISAL BUREAU OF STANDARDS GICY AT!! G. KISTER
"IZNT OU. D.C. 20234 OLCY ATT D. 'MURRAY
OICT (ALL CORM : A= SIC OFFICEl PMR) OICT ATIN G. HALL

ros~rm OltrILEOM CIECESOICY AITM J. UNEY

sATIONAL TZLCOWNICATXOS 4 LWO £AiIN CHALD S STARK! DRA .R uzOATxORt, EL'f.
BOUL RUl, CO 0303 555 TECHNOLOGY SQUARE

OICY ATTN A. JEAN (DUNCAS ONLY) CAMBRIDGE, 4A 02139
OCl ATTS V. W TLAUT OICY AT! 0.. COX
OlCY hM 0. CuamzIX OLCY ATS J.P. GILMORE
OICY A" L. SZIT

COMSAT LABORAORIZS
NAT IONAL, OCEANItC 6 ATMOSPHERIZC AlDM, LZ] TWXCU&0
ERIZON ,AL SKAICE LaORIAORIES CLARKBURG, D 20734
DEPARTMENT FCMEC IIAMG fD
BOULEn, CO 80302
OIC AM 1. GRUBB CO1LL U IVRSITY

OICf AM MDN~tCW LAS G- REID DEPARTMEN OF ZLZCTRICUL W3GINEELN~GZTACA, Sy 14a50
OC! ATTS D.T.. ARY Ji.

DEPARTa -If DF.SE NSK O!-CQORS
LLZC'lOSPACE SYSr!MS, 5C..

AEROSPACE CORPORATON 30 1359
P.O. 30X 92957 ICHARDSON, TZ 75080
LOS ASGEL S, CA 90009 OICY ATTI R. LOGSTON

OlCT AT 1. GAR1UN O ld! ATTV SECURITY (PAUL P !I.LZPS)
OICT AT?!?. A.LM
Old! ATT V. JOSEPHSON EOS TECHNOLOGIES, INC.
OlC! ATTN S. BOWER 606 L.abire Blvd.
OIC! ATTS 0. OLSEN Santa Manic&, Calif 90401

OICY AT!! C.8. GABARD
ANALYTICAL SYSEMS IGZ.IG COIP
3 OLD Coscoun ROAD 1l5s, InC.
RURINGWTOW, MA 01803 495 JAVA DRI
OICE A unzo SCIENCES SINNYVALE, CA 94086

OIC! Alr J. ROBERTS
AUSTIN RESEARCH ASSOC-. INC. OIC! hIT! JAMES MA.UIALL
1901 Rr!LAND DRI1E
AMSTIN, TI 78758 GENERAL ELECTRIC COMPANI

OIC! AWTN L. SLOAN SPACE DZIVISZON
OIC! AT!" 1. THOMPSON VALL!Y FORCE SPACE dCENTER

GODDARD BLVD KIN Or PRUSSIA
sELIr RESEARCH ASSOCIATES, INC. P.O. B0x 8555

P.O. BOX 983 PHILADELPIA, PA 19101
RlsELSY, CA 94701 OlC! AT! M.R. SORTSR SPACE SCI LAS
OIC ATT J. WORKMAN
OlCT ATTR C. PRET GENERAL ELECTRIC COMPANT
OICY ATT S. BICHT P.O. BOX 1122

SYRACS, NY 13201

Old! ATTN I. REINERT
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=NDAL ECTRIC TCR SRVlICES CO., INC. JOHNS ROP1IUS UIrSvtumT
maS APPLIED EYSiCS LAIouTOIY
COURT STREET JOHNS HOPKINS ROAD
SYRACUSE. MY 13201 LAUREL, MID 20810

OICY ATT c. .ILLNAN OICT ATT4 DOCUMNUT LI3RARIAN
OLCY ATTN TUOHAS POTERA

GCOPYSICAL INSTIrT O1C ATTN JOHN DASSOULAS
tUI S 91ITY 0 ALASKA
PAIUIANIs, AK 99701 KMANI SC Y1CES CORP

(ALL CLASS ATTI: SICURITY O7Cfl) P.O. 301 7463
OlCY ATfl T.N. DAVIS (UNCLASS ONLY) COLORADO SPRINGS, CO 80933
OCT ATTY TECHNICAL LIBUAY.. Ol1! AM T. .'1AGhZI
OlCd ATTN NEAL S3N (UNCLASS ONLY)

lAA T'U'1OM-CJITU R A/DVNCED TTUDIZS

1 SYLVATNA, INC. 816 STATZ STREET (P.O DRAWE EQ)
ELECTRONICS SYST S GZP-fASTERN DIV SANTA UIARA, CA 93102
77 A STRET OlCd AM DASIAC
MIZOAM, 'IA 02194 Old! ATTN WARREN S. APP

01CY ATTN DICK STEINNO8 OICT AT. WILLIAM CMAKARA,
OICT ATTN 3. GAMILL

ass, Inc.
2 ALI"= CIRCLE LInKAwlT CORP
SEDFORD, "IA a1730 10453 ROSELLE

OC! ATTN DONALD &ANSIN SAM DIEGO, CA 92121
OICY A<TTN lENIN :AMS

ILLINOIS, IERStITT OF
.07 COBLE aALL LOCIMEED MISSILES & SPACZ C0., INC
L.50 DAVENPORT AOUSE ?.0. 30 504
CHAMPAIG , . iLSZO SUNNYVALE, A: 94088

(ALL CORRES ATTN DAN 4CCLELI.AND) OICY AM. DEPT 60-12
Oc? ATT L YEN OICY AMN D.Z. CHURCHL .

INSTITUTE FOR DUENS! ANALYSES LOCIIED MISSILES & SPACE CO., INC.
1801 30. SEAURZGARD STREET 3251 HlNOVER STRET
ALE ANDRIA, VA .2311 PALO ALTO, CA 94304
OICT AM J.M. AZIN 01C ATTN MARTI3 WALT DEFT 52-L2
OC ATTN NEST SADE OICY ATYN W.L. IMHOF DEPT 52-12
OlCY ATTN HANS WOLFARD OlC? AM &RICARD G. JOHNSON DEPT 52-L2
OICY ATTN JOEL BENGSTON OC! ATTN J.3. CLADIS DEPT 52-U2

IrNTL TEL 6 TELEGRAMH CORPORATION MARTIN MARIETTA CORP
500 WASNINGTON AVENUE ORLANDO DIVISION
NUTLET, NJ 07110 P.O. BO 5837

0ICT ATTN TECmNICAL LIB AY ORLANDO, FL 32805
Oicy AMT R. IEFYNIR

JAYCOR
11011 TOt&UZI ROAD M.I.T. LINCOLN LABORATORY
P.O. BOX 83154 P.O. 802 73
SAN DIEO, CA 92138 LZ INGTON, MA 02173

OIC ATTN J.L. SPERLING OC? ATTN DAVID M. TOWLE
OCY ATTN L. LOUGHLIN
olc! AM D. CLARK
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MCDONIL DOUGLAS COIPORITON PEINSYLVAIA STAT!- UNIVERSITY
5301 BOLSA AVENUE IONOSP RE RESEARCH LAB
METITON BEACH, CA 92647 318 ELECTRICAL EXI3ErING :AST

Oicr ATTN m. NRilS UNIVERSITY PARK, PA 16802
OCy AM 3. mmL (NO CLASS TO IS ADDRESS)
OCT hTTN GEORGE NROZ OICT AT IONOSPHERIC RESEARC3 LAB
OICT AM. W. OLSON
OICT AT!I .W. RALPRIN PEOTOMEMhCS, -".
01CY ATT! IECNICAL LIBRARY SERVICES 4 ARROW DRIVE

WOBURN, MA, 01801
MISSlON RSEARCH CORPORATION 01C AT' :17= L. KFSKT
735 STATE SRET
SANTA BARBARA, CA 93101 PHYSICAL DrAMICS, NC.

01Cr ATN P. FISCHER P.O. BOX 3027
01CT ATTS W.F. CREVIER BELLEVUE, WA 98009
OlCd ATTN STEVEN L. GUTSCHE OCT ATN E.J. FlEMOU
OICT ATTN &. BOGUSCR
01CT A .T 1. DI'DRIcI PHYSICAL DYNAMICS, INC.
OIC! ATS! RAL29 KlL3 P.O. B01 10367
OCY A T DAve SOWLE OAKLAND, CA 94610
OCT ATTN ?. FA.EN ATTN A. THOMSON
0ICT ATTN A. SCHEI3E
OCT AT-.i CONRAD L. LONIRE I & 0 AUSOCIAT-S
GICY AT." 3. WHIT E P.O. 30X 9695

MURINA DEL :YE, CA 90291
XISSION 3ESEARCR CORP. OCT AM FORIEST GILMORE
17ZO RANDOLPH aOAD, S.Z. OldY ATTN WILLIJAM 3. WRIGHT, JR.
ALSTQU3RqOK, =EE MXfCG 57t06 O1CY amT ROBERT P. LELEVIER

OICY R. STELLIGWE! F 01CAT AM LWIAM .1. URZAS
OCT K. AME OIC ATfl H. OR!
OICY L. WRIGHT OC! AT"N C. .ACDOAUL

olcr ATflh 1. TURCO
MITB CORPORATION, THE OICT ATTN L. De W
P.O. BOX 208 OICT ATTN W. TSAI

DIOD , MA 01730
OICT ATTN JON MORGANSTE RND CORPORATION, riE
01CT ATTN G. RARDING 1700 MAIN STREET
01Cr ATTS C.E. CALLAHAN SANTA MONICA, CA 90406

01CT ATTN CULLEN CRAIN
MITRE CORP OICr ATTV ED BEDROZLX
WESTGATE RESEARCH PARK
1820 DOLLY MADISON BLVD RAYTHEON CO.
MCLEAN, VA 22101 528 BOSTON POST WOAD

OCY AT W. ATL SUDBURY, MA 01776
01Cr ATTN W. FOSTER 01Cr ATTN BARBARA ADAMS

PACII C-SIERJA RESEARCH CORP RIVERSIDE RESEARCH INSTITUTE
12340 SANTA .MONICA BLVD. 330 WEST 42nd STREET
LOS ANGELES, CA 90025 NEW Y0 . NT 10036

01Cr ATTN .C. FTIELD, JR. 01CT ATTY VINCE TRAPANI
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SCIENC APPLICATIONS INC. TIll DEFNSE & SPACE SYS GROUP
1150 PROSPECT PLAZA ONE SPACE PALL
LA JOLLA, CA 92037 REDONDO BEACH, CA 90278

OldT AMT LZ~nS M. LflWSON OIC! ATTN 1. L- PLSUCR
Old! AZ!! DANIEL A. NAL!! OIC! ATTS S. ALTSCEULEX
Old! AMT K. FRIK Old! ATTS 0. DEE
OId! AT!! S.A. STEAM Old! ATTY D/ STOCWUJ.L
Old! ATTY CUnTS A. SITU 5N171575
OIC! ATM! JA= MCDUGALL

VISIDYNK
SCIENCE APYICATIONS I INC SOUTI BEDFORD STREET
1710 GooDamaG Dl. BURLINGTON, H(ASS 01803
=J=A, W nl102 Old! ATTN W. REIDY

Al!!: J. COCKUEN Old! ATTN J. CAIPENME
OId! AM! C. SUMPE!

333 RAWENSOOD AMENU
4SV0 PAK, CA 94025

Old! ATT3 DONALD TtILSOII
Old! A7." ALAN SUM!
OXC! A1!N C. SfIM.
OtC! ATTN &. TSUNODA
OlCr AT"N DAVID A. mOsoN
OId! ATTN VALI.ER 3. CESNUT
Old! ATTri CRARLES L.10
OId! AT' N WALER ~aYZ
Old! AT!!i J. vtCmyE
Old! AT=V FAT L. LRADAMM
Old! AT7= G. CAIPENITI
Old! A=T3 G. PICE
Old! A=X I- LIVINGSTON
Old! ATTN V. GONZALES
Old! ATTN D. NCDANIZL

TECSNOLOG! NTErnmrATNA CORP
75 WIGGINS AVENUE

BEFODK 01730
oIcY ATTN W.P. SoqUNT

TOTON RESEARCH CO.
P.O. 302 6890
SANTA BARBARA, CA 93111

Old! ATTY JOHN ISE, JR.
OId! A=N! JOEL GAISARINO
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